The studies on agricultural droughts require long-term atmospheric, hydrological and meteorological data. On the other hand, today, the possibilities of using spectral data in environmental studies are indicated. The development of remote sensing techniques, increasing the spectral and spatial resolution of data allows using remote sensing data in the study of water content in the environment. The paper presents the results of the analysis of moisture content of soil-plant environment in the lowland areas of river valley using the spectral data from Sentinel-2. The analyses were conducted between February and November 2016. The spectral data were used to calculate the Normalize Differential Vegetation Index (NDVI) which provided the information about the moisture content of the soil-plant environment. The analyses were performed only on grasslands, on 22 objects located in the research area in the Oder river valley between Malczyce and Brzeg Dolny, Poland. The NDVI values were correlated with the hydrological and meteorological parameters. The analyses showed spatial and temporal variability of the moisture conditions in the soil-plant environment showed by the NDVI variability and existence some relationships between the climatic and spectral indices characterizing the moisture content in the environment.
INTRODUCTION
The human has no influence on the occurrence of drought and can only affect the social, economic, technical or political factors that present the scale of the phenomenon in a given region [Jarząbek et al. 2013, Łabędzki and Bąk 2013] . Drought is a climatic phenomenon defined as a noticeable lack of water. It causes damage to nature and the economy, as well as a nuisance to the population and even a threat to human life [Nichol and Abbas 2015, Hisdal and Tallaksen 2000] . Precipitation is the main source of water supply for plants and their amount and distribution are regarded as a factor determining their size and conditions [Dzieżyc et al. 1987] . The dynamics of changes in soil moisture significantly affect the condition of plants and crops, the moisture deficit reduces the quantity and quality of yields, which results in, i.a. the losses in the economy and agriculture [Dubicki et al. 2002] . In a surface layer of a soil, where the scale and dynamics of moisture changeability is the largest, the impact of precipitation variability is visible the most [Lauzon et al. 2004 ]. The soil properties that affect the water holding capacity are particularly important from the agricultural point of view [Biniak-Pieróg 2008, Jankowiak and Bieńkowski 2011] . Soil retention has a fundamental role in the water balance of the agricultural areas [Nyc 1994 , Pływaczyk and Olszewska 2014] .
Agricultural drought is a state in which the soil moisture is insufficient to meet the water needs of plants Bąk 2015a, Nyc 1994 ]. The studies pertaining to agricultural droughts are focused mainly on using the methods based on the long-term atmospheric data, temperature, precipitation and evaporation measurements without considering the changes in soil properties and parameters. Such analyses characterize local habitats and they are only representative for small areas [Martínez-Fernández et al. 2016 , Torres et al. 2013 ]. The data comes from a wide measurement network, only in limited number of cases [Jackson et al. 2004] . Remote sensing measurements and analyzes using GIS technology have only enabled obtaining the current information about soil moisture in large areas, mainly in upper (active) soil layer [Łabędzki and Bąk 2015] .
Currently, remote sensing techniques are rapidly developing. New devices, enabling to use cameras installed on aircraft boards and unmanned aerial vehicles or using satellites have appeared. The quick and significant increase in a satellite remote sensing in the spectral and spatial resolution are observed -from NOAA (National Oceanic and Atmospheric Administration) satellite with spatial resolution ca. 1000 m, through Landsat satellite series with spatial resolution 100 m to 20 m, to one of the latest Sentinel-2 missions with spatial resolution 10 and 20 m [Drusch et al. 2012] . In an aircraft-based remote sensing using hyperspectral device, it is possible to obtain the images with the spectral resolution of 1 nm. Depending on the height from which the image will be taken, the spatial resolution can reach , and thus in the assessment or even prediction of drought. Normalized Difference Vegetation Index (NDVI) [Pettorelli et al. 2005 , Huete et al. 2002 ] is one of the most recognized and described spectral indices. This index is calculated based on the difference between reflectance of sunlight in the near-infrared and red bands normalized by the sum of both of them [Wójtowicz et al. 2005] . Its basic function is determining the amount of chlorophyll in the plants cells. According to this parameter, it is possible to determine the condition of the plant and its susceptibility to external stressors [Carlson and Ripley 1997] . NDVI can be used as a substitute indicator for assessing the water content in the environment because of the correlation between the vegetation condition and availability of water and the hydrological regime [Taylor et al. 2003 , Pettorelli et al. 2005 . The high value of the indicator is exhibited by dense vegetation growth in the favorable conditions for the environment. The NDVI value more than 0.5 identifies the plants in good condition [Carlson and Ripley 1997] .
The aim of the study is to prove the possibility of using NDVI in the analyses of the relation between remote sensing indicator and meteorological and hydrological parameters. On the basis of the spectral images from Sentinel-2 NDVI values, the relations were calculated. The values of the indicator provided the information about the current state of the plants, their condition and reaction to the soil-plant environmental conditions and its variability. The correlation values will help to answer the question, if it is possible to use NDVI for monitoring agricultural and soil drought in lowland areas in the river valleys.
MATERIALS AND METHODS
The study area is located on the left bank of the Oder River valley from city of Brzeg Dolny to Malczyce, in Lower Silesian voivodeship, in Poland (N: 51° 13' 53.51", E: 16° 40' 47.02". PL-92: 338057, 338057) ( Figure 1 ) [Olszewska et al. 2012 ]. Since 1993, the studies of soil moisture measurements and the analyses of ground water tables and water levels in the rivers have been conducted in the area. The area of analyses is mainly under the agricultural use, there are only scattered buildings. The research area is 7.73 km 2 . This paper presents the analyses which were carried out from February to November 2016.
The spectral data for the analyses were obtained from the Sentinel-2 satellite of European Space Agency (ESA). The set comprises the two satellites: Sentinel-2A and Sentinel-2B which move simultaneously. The main instrument of Sentinel-2 satellite is a single multi-spectral instrument (MSI) with 13 spectral channels, in the spectral range of 413-2210 nm with a spatial range from 10 to 60 m [Drusch et al. 2012] . ESA for scientific purposes provides data of varying degrees of processing, available on the Sentinels Scientific Data Hub website. For the presented study, the data referred to as 2A were obtained. These include the data pertaining to the reflection in the top of atmosphere and they are after necessarily radiometric and geometric corrections. In order to obtain the surface reflection, MSI bands were scaled to surface reflectance using Dark Object Subtraction (DOS) methods in Semi-Automatic Classification Plugin for QGIS [Congedo 2016 ]. The spectral images prepared in this way were used to determine the relevant spectral indicators.
Eight spectra images with a cloud cover less than 5% for the research area were selected from Sentinel-2 mission: [Doroszewski and Gór-ski 1995] . For the basic analysis, the average temperature (T.mean), the precipitation sum (P.sum), the average water level (W.mean) and the climatic water balance (CWB) for periods of 5, 10, 20 and 30 days before the satellite image was taken, were calculated ( Table 1 ). The adopted meteorological and hydrological parameters were the same for the entire research area. This was related to the fact that the individual research objects are close to each other and to the reference station.
The basic analyses were conducted in two consecutive phases. The first phase included selection of grasslands from other types of the land cover on the research area and calculation the NDVI for grasslands for every object (Figure 2 ). In the second phase, the statistical analyses of correlation between data describing moisture condition in soil-plan environment on the research area were conducted. Correlation was done between the in situ (meteorological and hydrological) data and spectra data describing state and condition of plants (indicator of environmental moisture)
The analyses were performed on grassland. The condition of the grassland depends only on the availability of water resources, not on the growth stages during the vegetation season. It is the opposite situation than in the case of cereals, for which the spectrum of the reflected light changes along with changes of phonological phase [Martyniak et al. 2007 Corine Land Cover 2012 was used for identification of grassland from other type of land cover. The result of the identification of the grassland areas was verified using the available material coming from the documentation from an older research conducted in the area. 22 objects were chosen for next analyses, which constituted compact complexes with the area greater than 150 m 2 . A grid with mesh size 10 m was used for analyses, which is consistent with the spatial resolution of Sentinel-2 data (Figure 2 ).
For each of the 22 objects, based on the NDVI value for every grid cell for 8 available scenes the median, minimum and maximum NDVI values were calculated used the formula [Kycko and Zagajewski 2013]:
where: NIR -near infrared, Sentinel-2 band no. 8, VIS -visible spectrum, Sentinel-2 band no. 4 [Drusch et al. 2012 ].
The statistical analyses were performed in the Statistica 13.1 software. In order to find out if the dependent variables (NDVI) and independent variables (meteorological and hydrological parameters) have a normal distribution the Shapiro-Wilk test were performed. The correlation between dependent and independent variables, describing the moisture conditions of the soil-plant environment, were sought next. The Pearson linear correlation coefficient was used to show the linear relationship of independent and dependent variable having a normal distribution. For the variable pairs where at least one did not have a normal distribution, the non-parametric Spearman correlation coefficient was used. The confidence interval of 95% was used.
RESULTS
For the objects having continuity of data in the analyzed period, the changes of the NDVI values for 8 measurement campaigns during the research period are presented in the chart (Figure 3) . The objects are numbered from 1 to 23; due to technical reasons the object no. 2 was removed at the stage of data preparation (Figure 2) .
The increase of NDVI values was observed in the following periods:
• Feb 6 -Jun 25 for objects no.: 1, 3, 8÷9, • Feb 6 -May 6 for objects no.: 5÷7, 10, 14÷15, 18÷23, • Feb 6 -Aug 4 for objects no.: 11÷13, 16÷17, • Feb 6 -Sep 13 for objects no.: 4.
For the objects no. 1, 4÷11, 16÷23 NDVI values exceeds 0.5 during the period of 6th Feb to 13th Sep which was 77% of objects. On this basis, it can be concluded that in this period the vegetation in the research area was in good condition at the culminating point of vegetation in the end of this periods [Grzywna et al. 2018 ]. The median of NDVI had never increased above 0.5 for the object no. 15. For the object no. 14, the NDVI value was slightly higher than 0.5 (0.52) on the 6th May. For object no. 12, the value of NDVI was higher than 0.5 for only one campaign on 4th Aug. The NDVI value was greater than 0.5 for objects no.: 4, 6, 8, 11, 16 , in the period from 6th Feb to 27th March. Most often, the NDVI value was higher than 0.5 for the objects 4, 6 ÷ 7, 9, 11 (6 times) and 7 ÷ 8, 22 ÷ 23 (5 times). However, for the objects 22 and 23, this occurred in the period from 6th May to 22nd Nov, whereas on other objects, in the period 17th Mar to 22nd Nov (Figure 3) . The smallest NDVI values were most often observed on the object no. 15 (3 times) and no. 12 (3 times) among the 8 campaigns on 22 objects. In each event, when the minimum value of NDVI was noted for object no. 12, the next lowest value was observed on the object no. 15.
The NDVI value was greater than 0.5 on each objects in the following dates: 6th Feb on none of the objects, 17th March on the objects no.: 4, 9, 11 (3 objects, 13.6%). 27th March on the objects no.: 4, 6, 8, 16 (4 objects, 18.2%), 6th May on the objects no.:1, 4÷11, 14, 16÷23 (18 objects, 81.8%), 25th Jun on the objects no.: 1, 3, 6÷9, 11, 17÷23 (14 objects, 63.6%). 4th Aug on objects no.: 1, 3÷13, 16÷20, 22, 23 (19 objects 86.4%), 13th Sep on the objects no.: 1, 3÷11, 13, 17 ÷23 (18 objects, 81.8%), 22nd Nov on the objects no.: 4, 6÷7, 9, 11, 13, 21÷ 23 (9 objects, 40.1%) ( Table 2) .
Normal distribution had the following independent variables: T.mean 5, P.sum 10, P.sum 20, P.sum 30, W.mean 10, W.mean 20, CWB 5, CWB 10, CWB 30 and distribution of the NDVI values (dependent variables) in the analyzed period for objects: 1, 5, 7÷8, 10÷11, 13÷14, 16÷23. Other variables did not have normal distribution.
In general, no correlation was found between the distribution of the NDVI values and independent variables in terms of the sum of precipitation and average water levels. Only between the NDVI values and P.sum 10 for about half of the objects was correlation found at the medium level (0.50<R<0.70).
For the analyzed objects in the research periods, no correlation was found between the NDVI values and precipitation and river water level. However, there is a noticeable difference in the case of the correlation between the NDVI values and average temperature or CWB. The thermal parameter had a positive correlation with NDVI. This correlation stated that as the average temperature rises, the condition of plants represented by the increase in the NDVI values, increased proportionally. In the case of correlation to CWB, this was a reverse-proportional relationship -a negative correlation. As the value of CWB increased, the NDVI values decreased -the condition of plants decreased.
The correlations between the NDVI values and CWB 5, and CWB 30 were very high for many objects. The high and very high correlation (R>0.70) for more than half of the objects were recorded for the average temperature T.mean 5, T.mean 20 and T.mean 30, most objects showed the correlation for the T.mean 30 (over 75%). Less than half of the objects showed a high and very high correlation between the NDVI values and T.mean 10 ( Table 3) .
The high and very high correlation for more than half of the objects was recorded for CWB 5, CWB 10, CWB 30. Less than half of the objects showed a high and very high correlation for CWB 20 (Table 3) .
High or very high correlation between the NDVI values and all or almost all temperature and CWB indicators was exhibited by objects no.: 1, 4÷9, 11. Objects no.: 3, 12÷16 and 21 did not show high or very high correlations or no other. Objects no.: 10, 17÷20, 22÷23 showed a high or very high correlation to a part of the temperature value and CWB (Table 3) .
DISCUSSION AND CONCLUSION
The analyses conducted by other researchers show high relevance of using the spectral data for assessing the plants condition and biomass production [Gao 1996 bosa showed the high correlation (0.84) between NDVI and precipitation which, in his opinion, is caused by the limited availability of precipitation [Barbosa et al. 2009 The changes in the index value (NDVI) do not necessarily have to be related to soil moisture [Nichol 2015 ].This have been also confirmed by the studies conducted throughout the whole research area Brzeg Dolny -Malczyce in 2016 [Grzywna et al. 2018] . Similarly as for the whole research area, on particular objects, no high correlation was found between the NDVI values and precipitation or water levels.
It cannot be clearly determined which environmental parameter describing the moisture content in the environment has the highest impact on the NDVI value, representing the state of the plants.
The lack of correlation between the NDVI value and independent variables of precipitation and average water levels enables to state that it is impossible to use the NDVI in analysis of moisture content in soil-plane environment to forecast drought in agriculture.
High or very high correlation between NDVI, and temperature and CWB is a natural thing. This is related to the changes in the thermal conditions during the growing season.
There was no relationship between the location of the object on the research area and the values of the correlation between the NDVI and meteorological or hydrological parameters. Variable   Object number   1  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22 
